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The Long-Term Effects of High-Frequency Transcutaneous
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Abstract The purpose of this study was to investigate effects of the long-term high-frequency transcutaneous
electrical nerve stimulation(TENS) on the spasticity and the balance in chronic stroke patients. Twenty-six
subjects with spasticity over lower limbs were allocated randomly into two groups under standard rehabilitation:
(1) TENS group, (2) placebo-TENS group. TENS stimulation was applied on the both the gastrocnemius for 30
minutes, 5 days a week for 4 weeks(100 Hz, 0.25 ms, 2 times sensory threshold). The Modified Ashworth
Scale(MAS) and Hand-held manual muscle tester were used to assess the ankle plantarflexor spasticity. Balance
function under three conditions was measured by using force-plate and the amount of postural sway was
assessed; in (1) the condition of standing with eyes opened, (2) with eyes closed and (3) the condition of
standing on unstable surface with eyes opened. Both groups showed significant improvement in spasticity and
balance function after treatment for 4 weeks(p<.05). Especially, TENS group showed a significant reduction of
spasticity compared to placebo-TENS group(p<.05). These results suggested that additional stimulation of a
long-term high-frequency TENS to standard rehabilitation induced an improved balance function and a spasticity
reduction. The long-term application of high-frequency TENS will be an effective intervention for reducing
spasticity and increasing balance ability in the chronic stroke patients.
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WAIAR} - 35 (chsong@syu.ac.kr)
g 1149 02¢ 224 FHY 11d 039 24 AAEEL 11 044 07

1740



HAAAI AL HEF SR 51K

A4 9 #gel AL 9%

&2 u]o] &3 R 2a| QAo SE 0]
£ YeY ] =& oll(cerebral vascular accident)2Fal
= Eee AgoRA, QAR 4 AP = &
Qlo] El= AgholtHl]. HEF At iR 449
FH&o] g Hop|E By og tehfn, %7
Q7|5 W 2| ZM)59] AR QFte] #3 §A]9f
Algto] whew o)z elgt 4] M| 719} o]
of ozt B A A= AA HFE FaATIAL A
8 kel site] A o M) 28 Rle] sl

OIr r

HEz el B %
(spasticity)2 3= AFx] 9] é’- _L} 5 3
8] YEhUH, 3ol 5, 5 7]
2 A FHRs) B
15 AR g ZAshuls), 4

o
xl
9]

N

2
L.

ol
RN o =R
o°1’

Mo &2

off wet duht h 2EAl7 el
5101 AR T 732l 2Rt &
9]

ox
o
b gﬁ rLJ

o
°
>

o

] A A e 2
. gmat opet glo] 7

AThs). mebd A9 EA @BM
ZREEEE HA U= B B4 U

o) qEYoR Belxw, oFRAE, Ay
ol ol §EATt $hHgt Mzt BT
A o

CERGM A

R
o,
D{O i

N
oo
_\g
HI
o?L

i
2h% s
b =
‘E mrl 2 o
_?L
2 3

i)
o

>

A

1__

il -101'

% 51 x—lxﬂ%—r Zro 2=z HeH

5
T

4
240 5

Ev TaET

HElo] Algo] Agto] W=
2R, Z29 9 tolAH, gE
AAE 4 2 HAFAYWE FYsto
AIZIEH9,10]1. BHA|RE, A4S F 30% =g
gt AT FESAE WAl glom, ofnbA
Wigdell &fste] 711te] 51% ] Agto]
SoHi1]. webd @A A 9 B2A0 F2 FA U
o] &EIL Q= Aol

74 1] A1 7 2 7| A}=- %] & (transcutaneous  electrical nerve
stimulation; TENS)= |5 Wi 5ol X5t 71 A8 A7
A48 ATolo] S A2ATIE HaEH AR Y
o BoARolN WMo AL shR
Qe Al - FX H Y TS gkt WHAdnt
H| gk2e] B3 M 5 okt aavt giREa ok
[12,13].
Chung £(2010)& Al Sxjol|A] 1HlE A 5)
ARAZARY ANH HgOoT AH W AN FA
£ R8}G1AI[14], Ng 5(2007) g HupH] 219
F ¥ (acupoint)ol] ILRIEL] ZFu]Al747|AF=0] HA<]

o
o
| =
e

o
N
N

X

J
o 1%

Mo
0

o

R ¥
o fu

b

N

oX M H
N
M)
otk
oh, o
N

o
e B
op 2 ¥ my

B

d

1]

t

sz

H

=

o o}

ES
7

1741

N

_ILJ th d

b 9l Beidwo] 2712 W ashylri{i]. whg, ch
315 gAtollA anl= AoAEA7IA =0 A8
01] Folgt anks vEhlA] AQlh1s). olok 2o
A7 Ao Zx*l%' J_JPOH 40}04 e 73
of w2l I’iﬂr s
ol A Am A7 P%P—I R I@#Oﬂ EH“P
Eat *J%*Olik E3h ARl mlELo] 7‘7“”*‘1’@
(sub-threshold) I A A HA7|A=e] AL AAMELE
aez sty as], HEE 2 H4guh) ﬂx}°ﬂ7ﬂ
THE AUAAA7|A L] e B 7% 99
Al Z7HNHTH12,13]. 2319 5(2010) LAIHQl T
= AU A AA7|AZ0] HE&% 3xlo] AT} FE ol 7
Aol autdo|girtar B usleri16]. sFA|uk, HEE
Aol A 71491 Au A A7| A= o] B A2 #F ol
A wstel digt A ARt Aot
whEbA] B s )29 anlE FujAl g
Zgo] A FFo] v AIE Yobr uAEch

X ol oM ox

HE
of
=L
~
N oldh o
£
_E‘.
m
ol
- 7 g
Jﬁ
= 2i

Erﬂ‘:rE—?ﬂ

= AR

Nl
»
=

A

2. A

-LJ

i

2.1 SChAr U uk
211 A7
B g F7IEd] $1A% D Al Y o
2% BE oz sk HEF 97110 /)¢
o4 24 ulgtolo], AT ANFH - olsfeln
W 5 Y S ol Al %ﬁ@*HMMSE-K)
A7k 215 ol 302 ol ARAIE SAT 5
Qa1 =7 Hajo] 71538k AFE ATt E3E A
P2 HnpH] o]9je] B A=, TEAAY T, =4
% opafagol Aldto] b TR thdellA Alelsiac

O

TENSZ-& @%75@71x 2 oA HlEe] 28
YelZo] 3 53] 437k BT 308 LA, %9
TENSTZ-& Xd%m& 9 Az A}=glo] TENSZ} £t

A Agstoleh. ANAAAZ AL H857] 8] 24
9 TENS(TENS-7000, Koalaty Products Inc., USA)E A}
31Tk F4 100Hz, BEL 200ps0. 8 YL
A2 A 7k oaAe] 77t dXE 24517] 918 0.01mA
RE| AlFslo] gl ASe Ll 47 dje)



F=itel7 s el Al All2d Al4E, 2011

W =L7)(amplitude)S 831 ATHS].

43T A olfE AT AAE WA e 49
TENSZ 20| @ebsle] % TENST 147 %9
TENST 12%0] ASAME Wl

22 Atz w2 2 =H &7

221 TS

AAELE =48] 98] FIHPDM Multifunction
Force Measuring Plate; Zebris, Germany)2 ARE-3}it}.
32x47cm@] ol lor B I74W Z 1504702] QFAIA
(force sensor)7} Al ZpAL} H3Y A] W] A2 Ezo] 9F
Be %t BE AME 747 EYFoR 24
ZAorg o] WMol 1~120N/crio] L AR ELHRE
T 2~5Hz, FHEEYYFE S5+ oF 90Hzo|IL
e = 1£5%0]|t)

"41“%}; 5 wekstA W A A 9ol A== 5t

o £g & AHellAe 54 Al 3m o] EulE
%

[‘

)

4
o I oo

J

A7 15cme] HL FAIBIEE 319, =2 72 Ao
Aol 4 Al gAY bS flste] B el 9l
Gt Hol YAl= ¥ Wikato|7}t 8em7t HEE 5HY

3, o] Wojzl ZtEl 10°8 GAFHEE st nE

A= 3023t 872l (em)7F AL, 33] v

2.2.2 AAX|(spastic score)

A2 %S B 98w AModel 01163
Lafayette, USA)2} Modified Ashworth Scale(MAS)E- ©]
gotol WEY S5 W= B2 Y AYFS 2%
Slsich. Bk -8 AHol A o] SR H o] st
o] R o7 A9 &£Fo|E e Y= A =A 7}
BRI B2 wE 2L AL o Ao AL
& 2Hsi9nh

MASE B4 Sriok A9 Bog
Hlole[17). MASE He| A223 4ol
A ol G W AZRERRE SEAY ol
RAOR 0, 1,2, 3,4, 52 & 6CHA R o]=o]4 91, 0
I o|n 5= % AlFlo] B}
58 Adeioltt. FAX I_ FAE vk 57 8t &

2 Fgo| FRAAA GES FollREe At 74
=]

r

o

b

& %iii SRRSO i3 A]A 33] ukEslo]
Al BHR|9] ZNAEE =o]x] YEE 3
& BEE AAEtY] 584 £HoR <

rsL' rk,OL A

23 =2y A SAEH —E—é*.

Ag7lEol oa AE 23S HAroR AHEA
(selection bias)S ZA3}5}7] -‘,l]oH TENSZ} £:9]

TENSZOo 2 Lzle] ujAstaTt. AAE 28Ho7| 0194
o] MEE Fojslal SPSS R IHo] 2}Q] FH 22
YRS ol&sto] Alo|& F 50%E TR FETIES
stglen F&4 ,440 TENST Uz Zehe 49
A & e w2 &4
Aol A =& & AEolA
<2 A12F MASS o83}

m{x

o 7“‘% Z3skelch
= EAH BHS SPSS 1508 olgslalrh
Shapiro-Wilk ZAHHS E3) WS AHA AAS
ARSI, FE Aol SYRE (@S AHgIHAC
| W3 WHpo] HjwE 5] Mann Whitney U test?}
X-AAE ARgtch Wehe] vt R (1%
T} Wilcoxon signed rank tests AA|5}0] 28 AEE H]
WAL, AR BRE BEAF Fo4F ()2 0.05 o}
= 8k
3. 2ot
3.1 SR Ed
B 7o) taAbse dv EHe E 13 gk
TENSZT} 491 TENS70] U4He] EA9] Xjo] S top
1A SRR AT AR AN AT s
Aol kA grol - eto] Fastect
[E 1] A7 Al 54
TENSZ 49 TENSH: 9
_ _ yx= p
(n=14) m=12)
o] 5307+11.64° 52.17+9.20 588 .564
A% 9 1285.71)°  8(66.67)
1.321 .365
ol 2(14.29) 4(33.33)
SAR(%) &= 6(42.86) 3(25.0)
910 .429
= 8(57.14) 9(75.0)

o 7|7h 1800421 15.50+4.96 .538 .597

Note: a mean+S.D, b number(%)

1742



AR 2% BRe) X A

[E 2] A4/ 430 oot AAl5e ol5Ae U
o5zl ¥t

A58 TENSw 4% TENS . »
o]5 7 g](cm) (n=14) (n=12)
A 61.72:1436' 68.40:10.26 1216 0239
L 52094575 63994533
‘;JE‘H‘ AT 96241257 4411982 1050 0.307
¢ 21.688 34313
p 0.000 0.000
A 9185:28.10 89.53:1844 0221 0827
o e F 6583091 070:040
gy T 200262037 883:2018 1547 0.138
¢ 14.639 24.749
p 0.000 0.000
A 218738593 202.03+51.73 0533 0.600
igjﬁi B 156664275 182.62+34.18
L A% 6207£59.30  1841:47.00 1857 0079
i}ElT ¢ 11.854 19.527
p 0.000 0.000
AAE R TENSE kI TENSE
o[ELE(emfs)  (n=14) (@=12)
A 206048  228:034 1216 0.239
o F 173019 213:0.8
‘;JE; A-T 0324042 0.14+0.33  1.050 0.307
¢ 2.540 1422
p 0.029 0.189
A 306094  2.98:061 0221 0827
o e F 209503 269:031
gy T 086:098 029067 1547 0.138
¢ 2.938 1.384
p 0.015 0.200
A 7294286  673:172 0533 0600
AL AL e S ST ISR
X]Eq‘oiﬁ A-F 207:198 061157 1857 0.079
Z; ¢ 3472 1239
p 0.006 0.247

Note: Values are mean+S.D.

3.2 ZuMBHIIXI=F0]

fe W

27} 1.72+14.36cmol A
SeloiA 22T

45417

el
gy

A15]
=

ol olxl= &0t

A71A=ol ofjt ARAlERel mA=
2, a9 13} g
“JEfoll Al TENS<

A9 A AL o)

=2
5
T

52.09+5.75cm

2 of

05), 2:9] TENSZ-& 4]

3 A 68.40£10.26cmoll A AF B 63.99+£5.33cm=E F

aviLTson, AR TE £ 2 Fol
Qo5 skt AHER ol ELEL oA} Y
B AT Yeor), olEARl: 44l TENS ZolA £
A F oI5 Wabh Lrehd ghel oS AEL gofat %)
o7} e 222tTHp<05).

= A2 AdEollAE TENSTo] AE A AAls8 o
E=72]7} 91.85428.10cmof| A A3 & 65.83+£9.91cm 2.2
ISP oF 2833%3 251 p<05), &) TENSZof
A= A% A 89.53+18.4dcmol| A A3 B 80.70£9.40cm
O 2 oF 9.86% AABIAUTHP<.05). AAE 8. olEEHEY
HIl= =5 & A9} 5U5HA TENSZo| ARt 7-9]%t
Aol vpepiich

gk Bobge AHolA =8 & 4
A2)2 243 A7} TENSZS A% #218.73485.99cm
oA Al B 15.9%42.750.2 OF 28.38% ZA5F0m
4:0] TENST-E A3 #202.03+51.79cmof| A Al
182.92+47.00cm 2F 9.11% 43891 & & 25 E4 4
o2 {3t YEFH R em(p<.05), 7 w3 F-2
3 Aol e stk AAER ol ELEL o
e FUR ATE walt.

Jefoll A o] AAlE8

> M
) _Il)l' m{

b
-101' s

=
FE

fu

4

(&) )

I ' —- 15

p s =

g 2 r‘ ’_‘ % F‘

)°1 [ E )

al 30 ’(_?

g 0 i o

B TENS  Phcebo TENS e TENS  Phcebo TENS

(€) (D)

P . . ﬁl ¢ —|

Pt e W A =zz2

- H g

OQI 2 ‘ g 4 ’

2, =

g 0 2 L]

= TENS  Phcebo TENS e TENS  Phcebo TENS

(E) (F)

X : : E ” . L

L] = = g%

BN B

% 20 % .

g} wo E 4

—~ 50 o

8 0 i .

= TENS  Phcebo TENS e TENS  Phcebo TENS

* p<.05

(33 1] AiAA7A=e] RAlEa oli}lﬂl(ACE)
4 o] 5% % (B,D,Fol v|A= &3} (AB) & &
AFEl. (©D) i S A EF) 2 PR A%
oA &= & ’%}EH



F=itel7 s el Al All2d Al4E, 2011

3.3 ZTAIAXI|XI=0| Zxlof jxl= &3t

A AR AT 2 go] Ao nX Rk
3, 19 20} Pt} E4OEAE B3 U2 457 )
Tof ot Aol TENSZ-S AF A 1138keo]
3 B 755kg 02 OF 33.65% S-2l5HA Zaslao
B(p<.05), 4:9) TENSZOAL AT A 13.72 keol 4 A
3 & 1220kgQ 2 OF 10.93% 7HA3FYCHp<.05). Eat
MASO] A% TENSo] A8 A 327014 A% & 2.18
HOR oF 66.66%F0l51 AASALP<05), %9
TENSo A= Ad A 350804 A & 32082
oF 8.57% FOJ51A| Z23HATHp<.05). F F1F A
o] MASS} e Ae] Agex|e] Wslghe vl
23} TENSte] <4< TENStof H]3l MASS} Tt
A AgeAe] wske] © fold iz mY
(p<.05).

R, O

[E 3] 4574 A8 oot 48 Ao st

TENSZ:  49] TENST
zft P
(n=14) (n=12)
A 327:090 3503085 0225 0.822
MAS ﬁi 2.18+1.08 3.20+0.42
o AF 109094 030048 2008 0.045
@» 3,097 399
b 0.002 0.000
A 1138333 B2671 1028 0317
e T 755320 1222:564
O ¥ 383:076 150:138 3351 0.003
kg 9.254 8.321
b 0.000 0.000

Note: Values are meantS.D,

s * * -— X 2
=XEF
4
=
> 3
[@2]
& a2
A
-
1
°
TENS Placebo TENS
(== * — | 2 &
A ==
= n
o |
= 18 *
=
15
Al
AN,
=13
S,
2k
=
= 3
=
Q o

TENS Placebo TENS
* p<.05

[T 2] Aualdd717b=o] 84 72| mate] vjAl= ¢
T (A) MAS M. (B) A9 A ke).

4, =2

B o Ry)7ke] mulE AuAA A7 AT HE
& ] A AA Yl o Aol aukE AL St
piL

ST A7EAl ot Aol S5] FRkE= A
2> HET S S YT A 7T ARt = €
o] B 3o R[15,18,19], HEZ Al 752 23
At ko] g A7) A BRI S ae-
Sasirh

HpEAH14], g A3E20], FA
[11,21,22] oA AaAZA71A4=2] P44 a7t &
A=Yk HopplE o2 AlE A4, Yan 5
(2009)2 G4 =EF FAFIA 100Hz9] 1= )4l
BAZIAFE 357 A-8sto] oF 30% HaE HZo] #
el 9t B 18k TH22]. Barhtiary 5(2008)2 T
Hupa] FApolA] LRlE Ao AFH7| =S 203] 28
alof o] ZaEglom21], Ng $(2007)2 whg Hut
H] Zx}of| A 100Hz2] 8= Ao AAA7) AL 457t
Agsto] A aNE BusIrH11]. B A7 obA

ATET FUT 100H2] TN E A5 AFH/ 4TS 4
%70 2hgsto] %) TENSTO| Hl3| FHo] felshl &
a3he.

7NEe] ATED B A7e] $4% mel ol of
A, ARABRAAS e 8 A G7Rge) Aol
AR BEARAANATE AT 2719} ek, 5

=
b A8 RIS ge ookt |
75| 2lstol w7} oA epui[23), oleiet chek
o ARET BE AR FeO] BAL AAAE4D
of ZAS Aol A ofHA YHETH24]. Ng &
(2007)3} Bakhtiary 5(2008)2 & 59} H]S=51A] ¥
HupH] S5t e 2 oF 203]9] 100Hz 11y1%= 7 1]4l
ARG AGIAAT A2 oF 10%, d6%e] EohE
LERAE=d[11, 21], Ng 5(2007)& the Composite
Spasticity Score =32 ARESE W, Bakhtiary(2008)
of % Q1= MASE olg3l0] ZHsleaL, oleigt 44
24 wplol ofstol ET} ks ekt o2 Al
2 E e}l E3h Bakhtiary 5(2008)2 Xt 43o] Sty
AEurh 25% A9 ue] AL 9By ARE
(tibialis anterior muscle)o]] Z2-8-3}411, E 971= Ng
(007)2} S5 Bzt Ae] 2~30) et A7) AL
308 Bo] el njEo] 4gsio] of 33-34%9)
PA% AT Uephad, HgAHE ofet 2w,
2§ H9] 59 Aolo LJsto] A1 H-EAIF Hlw
ofl Ajgto] e}, wehy 25 ATolN AT 29|, P

F

o i

1744



A7 THE AR AR o] MBS BAe] shx AW @ Fael nlxe o
of whE AMAAAIAT Kael Et ATE AW 71EAQl ATH R o8] ol AAAER H]
a7t olek sto] B8 B7bEl AT 4TS FUS AelTH3IL

2 A= MASEE
Aoksle}y. =g ol ARg-E]o]A]
2], Lamontagne 5(1998)0]] 2]lo] H4=4Ar $kxlo]| A
T5707 3 (hypertonia)S Z7gk=tl] ARS-E]ITH25].
® ATolx TENSO| ofgt T4% ErR: MASoIA
33%, EpaE Aol 34%2 e, 49 TENSZo|
A MAS= 9%, =28 A= 11%2] 732 a3t 534
Heleh. F 24 wile] 4TG0, p005)E Fot
of EaeAe] o AHe 24 v
F4Elol, Qa2 Hoh) ge] 44

= o

L
L

E428AE olgste] 4
- 1

H
H=
e |

HEE BERe 52 Z4S 9dste] AAlA B
of AHgHE SFBRA] 27k GABA 584 184, ot
FARGARL26, 13], Be] FZONA A =2
sfo] WALE ARICH2TL. AWABATIATE o3t
FRAT EY, HolA INE AAFA7 4TS
HGA H T2l oAl AT B GABA
|7k Z7PEAR], HpAel fsto] %% W o
AP ATA R BAA T2 (dynorphine)©] Wide] 2k
4 HolA) TENSS 2184 Z=o] Zas|girh29]
ofofl w2 - elo) A TS 3] A7| A
WA I, 24 FLolA] oAy A AR U
AW GABASE olHAFAAY] HulE Faste] niZza
mEun e §48 Eus et
£5] ok WA, 35, d§
of 2429l Abgol Algto] atEAg,
7k9) A|449] A gol= Byt v
e ghte U] H g, u A
o goli L BARE B4 A4
Ho] HEAel HaHOR 8T 4
EAZ)=

712 TS A ARG

S5 HO
76‘0“""\_5_-

%l
.

SUgds

ok

W
2 Aol st
Ao 45

2o napgel

m

[e)
&4l

AF3}7| Dickstein[8] A1l
A7|A] 282 ZIHAA A AAEL

10 1=

AT}t ESE Perennou 5(2001)2 k&%

i

S50 ARl FAARATASS A85ke] ok A
A|9] &2 (postural instability)o] 7§A1E131[30], Ng 5

Qo10)%. o) BxolA g7Izte] AMUFHSIAT
Age #P AT WY 715 FYAAHI3) 2
AR 3t FHY AL A AR
o bl it Ao& FHEck JAAA 2AT §
Aol Aol Bt ulBo] HAGH AHANFHNATFE

L
[¢)

1745

A9 Az ARl Y 3 e m[32), el
Azt AL 2% 9d geut dgdeel gong
A AFL 3 % Qe

by 2 AT

Ae

[e)
LN

N

2]
o,

Pr“,

oX 1o
ofr
ok

OlN 2 ﬂ.]lO ﬂ.llO
2 S oft o
=2

oy

ot @
o e

>

ofy
e &
i rr
ol
_\:‘_l‘
o

ottt
tlo
N

5

&
>

N

e it oo {0

=2

r
(o]

1)
o

e

T
=

o
oH13, 15, 19]. 2
Hl o) A A4S

L B o
Moo O 4o
Jo

‘?“

lorglﬁrr

vt AE9] 7iA, AR 7154 Al
ARl AlA| oA Mg Fdte o
2 7)A8kE Aol

49 TENSE2 MAS Z74oflA] <F 11%, =44
E SHNA o 9% 42 adts B, 4353l
M =& E ol oF 6% A2 Aol A oF
10%, 2135t X HoA =2 & AefollA] oF 9%9] ++
F RS Uetith 2 dAtelA] ARSE 7121 A
R Bobath 7Hgo] ASE] A=Al v St
H[HH]50] Al5-iAK(weight distribution)o] thA& o] F
T8 5= o9 9 AR FEof digt E3o] xEE o]
QUTH4]. wheba] AnbH] o dztol| Al A8 Bobath 7H
o] 7]22Ql g2 wFFY TR +F Y el
aapzolw, AuAAFA7|AT Ak EAES Y
o2 3 7|24Ql ] atAl B WHOR ALE-
5 US AR AlrHrh

Bakhtiary £(2008) x&% Hulr] FAE Ao 2
Bobath 7Hd ] AT A2 Ald)ste] MAS 4= 304
198 °F 36.67% 72 7|4 &1 Bt vhd21], 2
AtollA= 7122 Q1 A 28 Al oF 9%2] ZjAS
Elct. o]=jgt ate] Zpol= X7 F-EATE A BAL
AARpe] o) R], gAY € 9 & e oJste]
2ol 7F Uepd AS R AbEE sk,
71Zr0] 67] o]l AFEES TS
of gHd Huhe] Fpol 7|2 Al g H
A=e] 53k 14 B, Bakhtiary 5(2008)-2 tff
o] yeglgk fR7)zro] HAIEe] QA okt whebA of

Eay

o

ot
i
o 4 oy o
b‘l
i)
2

1. O
» L&

Loy

A



F=itel7 s el Al All2d Al4E, 2011

w22l
H|

Azl
ol Ag

l‘_&

>
X
4H

<]

A7

(SRR MY

dsskaict A9l
&|(standard parameter)”}
sielo] 4 A2} 9
Ao Ha1777]
AZE 9 g 2] 1)
277} 9% Wasihn

. 1

E&HV*

(

[

ofr
o)
2

T_Hil

-ld'

L E o
o

o =

b
AN
ol -
oy %

o\ ol

>
s

=2

5.

24
=

T

r

7k

gul

Bl

7

iz
e H

MoE 2 fol o

dTe HES EAE e A7
BRAZAFA=0] shA 9] A2 2 I
o o}EJ—r_x]— gtk 6719 o)Ake] 717k
26M0] WEZ IS PARtE A5 TENS
Wi %9 TENST 12702 29| ujgsigick
HEoA 7]EZ el AR ES AH5EL, TENSTLS
;qﬂxl,:_o oF3lx| W|E o] ZH Yo]=o] M 53], 43

7k 3ok 305 7+ A8619l, 49 TENSZES Aaul &
g N2 A7)H ZF=glo] TENSTEY S8 28619
o} B B 43837 AR o] JJAssitt E35] TENST:
< &9 TENSQl Hlsto] 31x]¢] A 2lo] {-2fstA 7|4
Fshal, FFS FosAE WA B AL
(p<03). £ A7 HEF Bl FrtEls AT} ¢
@ Aste] MAdE skl AuAlBd7IASe] aibAQl

78—

)
=
d

al
T

=
[e]
T

[o

N

J‘f
iy

oE

1

=5

FA HHOE AMEE 5 eS dShh
T
[1] Belgen, B., Beniato, M., Sullivan, P, E., &

Nariewalla, K, "The assosiation of balance capacity
and falls self-efficancy with history of falling in
community-dwelling people with chronic stroke",
Archives of Physical Medicine and Rehabilitation, vol
87(4), pp. 553-561, 2006.

Fatone S, Hansen AH, “Effect of ankle-foot orthosis
on roll-over shape in adults with hemiplegia”, J

Rehabil Res Dev, vol 44(1), pp. 11-20, 2007.

[2

—

1746

[3] Lamb SE, Ferrucci L, Volapto S, Fried LP, Guralnik
JM; Women's Health and Aging Study, "Risk factors
for falling in home-dwelling older women with

stroke: the Women's Health and Aging Study', Stroke,

vol, 34(2), pp. 494-501, 2003.

Kollen BJ, Lennon S et al.

the Bobath Concept in StroC} Rehabilitation. What is

the Evidence?" Stroke, vol 40, pp. €89-¢97, 2009.

Welmer, A. K., Holmqvist, L. W., & Sommerfeld, D.

K, "Hemiplegic limb synergies in stroke patients" Am

J Phys Med Rehabil, vol 85(2), pp. 112-119, 2006.

[6] Lance, J. W,

and

[4 "The effectiveness of

—_

[5]

"The control of muscle tone, reflexes,

Robert ~ Wartenberg
Neurology, vol 30(12), pp. 1303-1313, 1980.

[71 McClelland, S., 3rd, Teng, Q., Benson, L. S., &
Boulis, N. M, "Motor neuron inhibition-based gene
therapy for spasticity”, Am J Phys Med Rehabil, vol
86(5), pp. 412-421, 2007.

[8] Dickstein, R., Laufer, Y., &Katz, M, "TENS to the

posterior aspect of the legs decreases postural sway

movement: Lecture",

during stance", Neurosci Lett, vol 393(1), pp. 51-55,
2006.
[91 Satkunam, L. E, "Rechabilitation medicine: 3.

Management of adult spasticity”", CMAIJ, vol 169(11),
pp. 1173-1179, 2003.

[10] Shakespeare, D. T., Boggild, M., & Young, C,
"Anti-spasticity agents for multiple sclerosis",
Database Syst Revvo, vol(4), pp. CD001332, 2001.

[11] Ng, S. S., & Hui-Chan, C. W,

electrical nerve stimulation combined with task-related

Cochrane

"Transcutaneous

training improves lower limb functions in subjects
with chronic stroke", Stroke, vol 38(11), pp. 2953-2959,
2007.

[12] Alabdulwahab, S. S., & Al-Gabbani, M, "Transcutaneous
electrical nerve stimulation of hip adductors improves
gait parameters of children with spastic diplegic
cerebral palsy", NeuroRehabilitation, vol 26(2), pp.

[13] Ng SS, Hui-Chan CW, "Does the use of TENS
increase the effectiveness of exercise for improving
walking after stroke? A randomized controlled clinical

Clin  Rehabil, 23(12):pp.  1093-103,
2009.115-122, 2010.

[14] Chung BPH. Cheng BKK,
transcutaneous electrical nerve stimulation on spasticity

patients with  spinal injury",
Rehabilitation. vol 24(3), pp. 202-210, 2010.

[15] Miller, L., Mattison, P., Paul, L., & Wood, L, "The

effects of transcutaneous electrical nerve stimulation

trial", vol

"Immediate effect of
Clinical

in cord



THIE AHAAA7|A D] HEF ARl BiH] 74

Z]
A

o FFol A 9F

(TENS) on spasticity in multiple Mult
Scler, vol 13(4), pp. 527-533, 2007.

[16] =319, e, o=@, o+t AlYA, o8 &
A&, “THE A ATe] Hoh] Bt o
A AR 2] vXE S2He G, derEe
oJ5ts], A|(5H), Al(3Z), pp. 487- 498, 2010.

[17] Pizzi A, Carlucci G, Falsini C, Verdesca S, Grippo
A,
A clinical and neurophysiologic study", Arch Phys
Med Rehabil, vol, 86(3), pp. 410-5, 2005.

sclerosis",

"Evaluation of upper-limb spasticity after stroke:

[18] Katz RT, Rymer WZ, "Spastic hypertonia:
mechanism and measurement”, Arch Phys Med
Rehabil, vol 70, pp. 144-55, 1989.

[19] Knikou M, Schmit BD, Chaudhuri D, Kay E,

Rymer WZ, "Soleus H-reflex excitability changes in
response to sinusoidal hip stretches in the injured
human spinal cord", Neurosci Lett, vol 9;423(1), pp.
18-23, 2007.

[20] Armutlu, K., Meric, A., Kirdi, N., Yakut, E., &
Karabudak, R, "The effect of transcutaneous electrical
nerve stimulation on spasticity in multiple sclerosis
patients: a pilot study"”, Neurorehabil Neural Repair,
vol 17(2), pp. 79-82, 2003.

[21] Bakhtiary AH, Fatemy E, "Does electrical stimulation
reduce spasticity after stroke? A randomized controlled
study”, Clin Rehabil, vol 22(5), pp. 418-25, 2008
May.

[22] Yan T, Hui-Chan CW, “Transcutaneous electrical
stimulation on acupuncture points improves muscle
function in subjects after acute stroke: a randomized
controlled trial”, J Rehabil Med, vol, 41(5), pp.
312-6, 2009.

[23] Sluka KA. "MEchanisms and Management of Pain
for the Physical Therapist. Chapter 8: Transcutaneous
Electrical Nerve Stimulation and Interferential

Therapy. Seattle, IASP Press. International Association

for the Study of Pain. 2009.

M, McQuay H,

studies with pain

[24] Carroll  D,Tramer et al,

"Randomization is important in
outcomes: Systematic review of transcutaneous electrical
nerve stimulation in acute postoperative pain, British
Journal of Anaesthesia, vol 77(6), pp. 798-803, 1996.

Lamontagne, A., Malouin, F., Richards, C. L., &

Dumas, F, "Evaluation of reflex- and nonreflex-induced

[25]

muscle resistance to stretch in adults with spinal cord
injury using hand-held and isokinetic dynamometry",
Phys Ther,vol 78(9), pp. 964-975; discussion 976-968,
1998.

1747

[26] Lewis KS, Mueller WM.Ann Pharmacother, “Intrathecal
baclofen for severe spasticity secondary to spinal cord
injury,1993 Jun;vol 27(6), pp. 767-74, 1993.

[27] Kita M, Goodkin DE. "Drugs used to
spasticity", Drugs, vol 59(3), pp. 487-95, 2000.

[28] Maeda Y, Lisi TL, Vance CG, Sluka KA, "Release

of GABA and activation of GABA(A) in the spinal

cord mediates the effects of TENS in rats", Brain

Res, vol, 1136(1), pp. 43-50, 2007.

Dong HW, Wang LH, Zhang M, Han S,

"Decreased dynorphin A (1-17) in the spinal cord of

treat

[29]

spastic rats after the compressive injury", Brain Res
Bull, vol, 67(3), pp. 189-95, 2005.

[30] Pérennou DA, Leblond C, Amblard B, Micallef JP,
Hérisson C, Pélissier JY,

"Transcutaneous electric

nerve stimulation reduces neglect-related postural
instability after stroke", Arch Phys Med Rehabil, vol
82(4)pp. 440-8, 2001.

[31] Lord SR, Clark RD. Webster IW.

Factors Associated with Falls in an Elderly Population.",

"Physiological

Journal of the American Geriatrics Society, vol
39(12), pp. 1194-1200, 1991.

[32] Hatzitaki V, Pavlou M, Bronstein AM. "The
integration of multiple proprioceptive information:

effect of ankle tendon vibration on postural responses

to platform tilt.", Exp Brain Res, vol 154(3), pp.
345-54, 2004.

[33] Farkas T, Kis Z, Toldi J, et al. "Activation of the
primary motor cortex by somatosensory stimulation in
adult mediated mainly by
connections  from the somatosensory

Neuroscience, vol 90(2), pp. 353-361, 1999.

rats s associational

cortex.",

Ol Ef Ad(Tae-Sung In)

e 2010 8¢ : Al
o) et} shaay Asks
. (@) ERAEEY 2e)AwA}

Tyl
WA BN, QAbeEs 2844 BeAw



Fately| et =ma] 41278 A43, 2011

Z & HHwi-young Cho) [H3| ]

* 20084 29 : AFg sk el
22wt (ol

* 201049 8¢ : AFg sk thetd
se) A wsta vl Aot

o (@) eioysta ojzhdst Aye

stwA =u

r
it
)
N
il

AR, WA =R R, 55

0

|EO=I
S

=]

(Dong-Yeop Lee)

L Fe| A =t

X
* 20084 89 : AHSosta o)
o)z 2 st} (o]shutr

Zuae

B
b
© 20099 39 ~ @A : Al

O] & %i(Sun-hyun Lee) (M2

® 20099 2¢ : Ahgista oished
Ze|x) st (o]shAAp

* 20104 89 : AReisla et
g msk} uhlay AsE

o« (@) o mee AR
A}

0| RH =(Jae-Kuck Lee) (A3 3]

* 200990 89 : QA|chat HATH
shelLAst upap
¢ 20099 9% ~ FA] : AEryEt

o1kl B
I ggtRE Raulge

1748

R REL S

Zus

e 20004 8¢ : Aelw A&
sHAAISSE b
® 20059 2¢ : AFgigta ofEhed
=g 2|75t} (o]ghakah
® 2005 3¥ ~ A : 4SUE



